Introduction {#s1}
============

Colorectal cancer (CRC) is the third leading cause of cancer-related mortality in the United States. It causes approximately 9% cancer-related deaths \[[@R01]\]. Factors associated with an increased risk of CRC include older age, family history of CRC, inflammatory bowel disease, obesity, physical inactivity, type 2 diabetes mellitus, alcohol consumption, smoking, and consuming a diet high in red and processed meat \[[@R02], [@R03]\]. On the other hand, some of the factors associated with lower risk of CRC incidence include non-steroidal anti-inflammatory drug (NSAID) use, greater consumption of calcium, fiber, folate, and vitamin D \[[@R02], [@R03]\].

Although implementation of screening colonoscopy recommendations for prevention of this cancer has reduced national colorectal carcinoma incidence rate, there continues to be a need for further research and advancements in preventing CRC. Racial differences are an important point of focus in reducing burden of CRC in the Unites States. Studies have focused largely on Caucasians and African Americans. According to the American Cancer Society, the incidence of CRC in African-American males is 63.8 per 100,000, as compared to 50.9 per 100,000 in Caucasian males. Similarly, mortality rates in African-American males were higher at 29.4 per 100,000, as compared to Caucasian males at 19.2 per 100,000. African-American females were also found to have higher incidence and mortality rates from CRC as compared to Caucasian females \[[@R04]\].

Multiple factors have been proposed to contribute towards this racial disparity. There has been a call to include race as a factor in national CRC screening guidelines, and to commence screening at an age earlier than 50 years in individuals of potentially higher-risk racial groups like African Americans \[[@R05]\]. Doubeni et al found that African Americans were more likely than Caucasians to have distant or un-staged tumors, and supported the American Cancer Society's findings that this population had a higher risk of death from CRC when compared to Caucasians \[[@R06]\].

Very few studies have been performed on behavior of CRC in North American minorities such as Hispanics, Arabs, and Asians, and how the disease process differs in these groups as compared to well-studied racial groups of African Americans and Caucasians. Investigations that explore behavior of CRC in other races may impart preliminary data on genetics and provide baseline information that can serve as basis for recommendations in individualized prevention and treatment of CRC.

Materials and Methods {#s2}
=====================

We performed a retrospective single center study with review of 1,860 patient charts from January 1, 2004 to December 31, 2014 at Advocate Christ Medical Center, Oak Lawn, IL. Eligible patients were identified from electronic medical records if they had a first occurrence of biopsy proven colorectal carcinoma and were at least 18 years of age. Patients were excluded from study if they had recurrent CRC. Patient demographic information was obtained from Care Connection EMR which captures race and ethnicity data based on self-report at the time of registration in accordance with US Census definitions. To obtain further useful data, Asians were classified in South Asians, Arabs and Asians. Data collected on each patient included age in years at the time of diagnosis of CRC, stage of CRC at time of diagnosis (stage I-IV), and type of carcinoma. Overall differences between the racial groups were assessed by Chi-square and ANOVA testing, using a P \< 0.05 as the threshold for significance. Kaplan-Meier estimation for groups was conducted to assess survival times over a 5-year follow-up period.

The protocol for this study was approved with waiver of informed consent by Advocate Christ Medical Center's Institutional Review Board. Statistical analysis was performed using SAS 9.4 (SAS Institute, Cary, NC).

Results {#s3}
=======

Racial variations of study population {#s3a}
-------------------------------------

Majority of patients were Caucasians and African Americans. A considerable number of Hispanic patients were also present in study population. Rest of ethnic minorities had very small presentation when compared with bigger ethnic groups ([Table 1](#T1){ref-type="table"}).

###### Racial Variation in Study Population

  Race                        Number of patients   \% of total
  --------------------------- -------------------- -------------
  African American            498                  27.09
  Caucasian                   1206                 65.61
  South Asian                 10                   0.54
  Arabs                       19                   1.03
  Mexican-Americans           71                   3.86
  Asians                      10                   0.54
  American Indian             4                    0.22
  Hawaiian/Pacific Islander   1                    0.05
  Unknown                     19                   1.03

Study population consisted of 47.39% males and 52.61% females.

Age at presentation {#s3b}
-------------------

Our results showed considerable variability across all racial groups. In particular, Hispanics presented with CRC at a much younger age as compared to African Americans and Caucasians. Mean age of CRC presentation was 71 years for Caucasians, 69 years for African Americans, and 61 years for Hispanics ([Fig. 1](#F1){ref-type="fig"}). The mean comparison between these three racial groups was found to be statistically significant (P \< 0.05) ([Fig. 2](#F2){ref-type="fig"}).

![Mean age of CRC presentation for different ethnicities.](jocmr-08-777-g001){#F1}

![Distribution of age at presentation among major ethnic groups.](jocmr-08-777-g002){#F2}

On further stratification of each racial group based on gender, we did not notice any statistically significant difference in most of the racial groups. Mean age of presentation was 68 years for African American males and 69 years for African American females (P = 0.37). For Caucasians, it was 70 years in males and 72 years in females (P = 0.043). Mean age of presentation was 62 years in Hispanic males and 60 years in Hispanic females (P = 0.598).

Histological stage of CRC on presentation {#s3c}
-----------------------------------------

Following simplified table shows different racial groups with stages of CRC on initial presentation ([Table 2](#T2){ref-type="table"}).

###### Histological Stage of CRC at Diagnosis for Different Racial Groups

  Race               Stage of CRC (% within racial group)                           
  ------------------ -------------------------------------- ------- ------- ------- --------
  Caucasian          12.3%                                  22.6%   23.6%   24.8%   16.5 %
  African American   13.0%                                  19.1%   20.5%   20.0%   27.0%
  Hispanic           18.1%                                  19.7%   19.7%   13.6%   28.7%
  South Asian        11.1%                                  11.1%   33.3%   33.3%   11.1%
  Arabs              11.1%                                  16.6%   50.0%   11.1%   11.1%
  American Indians   0.0%                                   50.0%   25.0%   0.0%    25.0%
  Asian              33.3%                                  0.0%    11.1%   22.2%   33.3%

As evident from above table, African Americans and Hispanics presented predominantly at stage IV (27% and 28.7%) as compared to Caucasians (16.5%) ([Fig. 3](#F3){ref-type="fig"}). South Asians and Arabs presented predominantly at stage II (33.3% and 50%), while American Indians presented predominantly at stage I (50%).

![Bar graph showing ethnic variations of patients presenting with stage IV colorectal carcinoma on initial presentation.](jocmr-08-777-g003){#F3}

Site of CRC {#s3d}
-----------

Rectum was the most common site of neoplasia (20.69% of the total sample population) ([Fig. 4](#F4){ref-type="fig"}). However, within the Asian racial group, we found that 30% had CRC in the sigmoid colon (14.14 % in African Americans and 17.33% in Caucasians). Recto-sigmoid junction was another site of higher CRC incidence among Caucasians as compared to other races (9.3% vs. 4.6% in African Americans).

![Bar graph showing ethnic variations of patients presenting with rectal carcinoma.](jocmr-08-777-g004){#F4}

Type of CRC {#s3e}
-----------

Adenocarcinoma remained the most common type of neoplasia among all racial groups (89.2% of total) ([Fig. 5](#F5){ref-type="fig"}). An important finding was higher incidence rate of carcinoid tumor among Hispanics as compared to other racial groups (12.68% vs. 7.24% in African Americans and 3.1% in Caucasians).

![Pie chart showing different ethnicities presenting with colorectal adenocarcinoma.](jocmr-08-777-g005){#F5}

Survival times {#s3f}
--------------

We observed racial disparities in terms of survival times among different racial groups. Our results indicated that African Americans have a worse survival probability over 5 years as compared to Caucasians. Results were statistically significant (P \< 0.0001) ([Fig. 6](#F6){ref-type="fig"}).

![Comparison of survival time between African Americans and Caucasians.](jocmr-08-777-g006){#F6}

Similarly, Hispanics had worse survival probability as compared to African Americans. Difference was especially more significant in early time period after initial diagnosis of CRC (P = 0.031) ([Fig. 7](#F7){ref-type="fig"}).

![Comparison of Caucasians and Hispanics in terms of age at presentation.](jocmr-08-777-g007){#F7}

On further stratification of each racial group on gender basis, we noticed some interesting facts. Hispanic males showed a worse survival probability as compared to Hispanic females (P = 0.04) ([Fig. 8](#F8){ref-type="fig"}).

![Comparison of Hispanic males and females survival probability over 5 years.](jocmr-08-777-g008){#F8}

Similarly, African-American males tend to show worse survival probability as compared to females but results were not statistically significant (P = 0.18). Caucasian males and females did not show any noticeable difference.

Discussion {#s4}
==========

CRC is one of the leading causes of cancer-related deaths in the United States. According to Center for Disease Control and Prevention, 51,516 people in the United States died from CRC, including 26,866 men and 24,650 women in 1 year \[[@R07]\]. It still remains as one of the biggest causes of mortality in West \[[@R08]\]. Racial disparities in survival have long existed \[[@R09]\]. Amri et al recently concluded that significant racial disparities for CRC persist despite low threshold for health care access in the US \[[@R13]\]. Studies have indicated highest incidence rates of CRC in African Americans \[[@R14]\]. Clear racial disparities were also noticed in CRC incidence rate, stage at diagnosis and survival times in Surveillance, Epidemiology and End Results (SEER) program data. Similar to other studies, incidence was highest in African Americans as compared to other racial groups and lowest for Asians \[[@R15], [@R16]\]. This racial disparity could be attributed to numerous factors.

Although Caucasian and African American races have been well studied in past in terms of CRC, there is a general lack of research towards other races. Few studies have been performed to study CRC in other racial groups \[[@R17]\]. Rahman et al studied racial disparities in CRC in patients \< 50 years of age. They found that significantly higher proportion of minority groups in USA with CRC are diagnosed before age 50 compared to non-Hispanic Whites, indicating that these minority groups are at higher risk for early CRC \[[@R18]\].

As noted in our results section, mean age of presentation for CRC was approximately 60 years in Hispanics, 68 years in African Americans and 72 years in Caucasians. These results are similar to previous studies performed on this subject except the fact that African Americans were presenting at an earlier age. In a study performed by Chattar-Cora et al, mean age of presentation was 60.3 years in Hispanics, 63.5 years in African Americans and 71.7 years in Caucasians \[[@R19]\]. In another study, Hispanics were diagnosed at a median age of 57 years as compared to 67 years in Caucasians \[[@R20]\].

Histological stage of CRC was another important aspect of our study. Hispanics and African Americans presented predominantly at advanced stage of CRC as compared to other ethnicities. Study performed by Dr. Lai highlighted racial disparity of CRC and concluded that African Americans presented predominantly at advanced stages as compared to Caucasians \[[@R21]\]. Study performed on Florida Hispanics showed increasing trends of advanced stage CRC as compared to Caucasians. Other studies also showed similar trends \[[@R06], [@R22]\].

Rectum was the most common site among all ethnic groups as noted above with most of the carcinomas found in distal bowel in our study. These results were in contrast to cancer statistics published by Illinois Department of Public Health where CRC presented predominantly in proximal bowel (Caucasian: 54%; African Americas: 51.3%; Hispanics: 58.6%) as compared to distal bowel (Caucasians: 46%; African American: 48.7%; Hispanic: 41.4%) \[[@R23]\]. Another study performed by Wu et al showed that age-adjusted CRC incidence rates were significantly lower in Asians than in Caucasians and African Americans, particularly for proximal bowel neoplasia. Their study also showed significantly higher rectal cancer incidence rate in Asian males \[[@R24]\]. A distinct site of predominance cannot be clearly extracted from our present data for Hispanics, Asians, and Native Americans. A greater study population would be needed prior to making any conclusions.

Our study confirmed some notions and indicated some new interesting points in terms of survival probability over 5 years in different racial groups. It confirmed worse survival probability in African Americans and Hispanics as compared to Caucasians. Multiple studies in past have indicated worse outcomes in African Americans. Overall survival at 5 years after CRC diagnosis was 54.9% among African Americans, 68.1% among Caucasians, and 62.9% among Hispanics in one study \[[@R25]\]. Another study performed by Yan et al indicated similar results with high CRC-related mortality rates in African Americans as compared to Caucasians \[[@R26]\]. Silber et al found an absolute difference of 9.9% in 5-year survival between African American and Caucasian patients \[[@R27]\]. Wallace et al demonstrated a higher risk of metachronous adenomas in African Americans compared with whites at younger ages \[[@R28]\]. There was a lack of data for direct comparisons in terms of CRC survival for Caucasians and Hispanics. Our results also highlighted interesting fact that Hispanic males show a worse survival probability when compared with Hispanic females.

Different factors can be attributed to observed differences in incidence and behavior of CRC among different ethnic groups. Lower CRC screening rate is one of the biggest factors contributing towards this discrepancy. Studies showed that minority ethnic groups have lower CRC screening rates \[[@R29]\]. This low screening rate becomes biggest contributor of higher CRC incidence in minority ethnic groups \[[@R34], [@R35]\]. Studies in minority ethnic groups also indicated that fear of cancer is one of the causes of lower screening rates and there are misunderstandings regarding CRC screening \[[@R36]\].

Genetic differences are thought to be other important contributory factors for above mentioned racial disparity. Study performed by Carathers et al indicated microsatellite instability in African Americans as a significant contributory factor towards higher CRC-related mortality when compared with Caucasians \[[@R39]\]. Inra et al found an overall higher APC mutation rate in Asians, African Americans, and other groups as compared to Caucasians. However, this rate was similar in all groups when adjusted for polyp burden \[[@R40]\].

Socioeconomic status is another important factor contributing towards CRC-related morbidity and mortality. More socioeconomically deprived neighborhoods were found to have a higher CRC-specific risk of death in a study performed by Lian et al \[[@R41]\]. Few other studies showed similar results, highlighting role of socioeconomic status \[[@R42], [@R43]\].

Data also suggest that some racial groups residing in certain geographic regions had higher incidence and mortality rate from CRC \[[@R44], [@R45]\]. These disparities in CRC highlighted significance of environmental factors.

Difference in treatment is also an important factor which should be kept in mind while considering racial disparities of CRC \[[@R46], [@R47]\].

We would like to acknowledge limitations in our study. An aggressive comparison of CRC amongst racial groups is limited due to unequal representation. The number of Hispanics, South Asians, Arabs, Asians and American Indians is significantly less than the number of Caucasians and African Americans. Though this is an accurate depiction of the population in the local area of the study, a statistically significant comparison was not possible. It may be possible that these population groups have limited resources and did not have access to standard healthcare or cultural norms prevent aggressive preventive measures and treatment. However, this study does show that increased awareness of the possibility of CRC presenting at a younger age in a more advanced stage amongst racial minorities is necessary. The limited data on racial minorities displayed in this study do show that such groups like Hispanics present at a younger and at advanced stage as compared to Caucasians and African Americans. Our study also does not take into account limiting socioeconomic factors that can contribute to these findings. It is vital to perform studies in minority racial groups taking into account genetic differences, socioeconomic status and geography. Such studies may be able to identify causes of variable disease presentation in different racial groups and lead to aggressive preventative measures that differ based on individual characteristics and predispositions.

Conclusions {#s4a}
-----------

In conclusion, CRC is a major cause of cancer-related mortality in the US. Individualized considerations for different racial groups are necessary on initial diagnosis of CRC as our study has highlighted some important differences in terms of survival probability, stage and location. Multicenter large studies are needed to further investigate disease behavior in minor racial groups.
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